Auditory phase-locked responses are affected by aging and it has been proposed that this increases 12 the challenges experienced during speech perception in noise (SPiN). However, the proposal lacks 13 direct support. This issue was addressed by measuring speech-evoked phase-locked responses at 14 subcortical (frequency-following responses, FFRs) and cortical (theta-band phase-locking, θ-PLV) 15 levels, and studying the relationship between the phase-locked responses and SPiN (word report 16 accuracies in spoken sentences in noise) in adults across a wide age-range (19-75 years old). It was 17 found that: (1) FFR magnitudes declined with age after hearing loss was controlled for; (2) θ-PLV 18 increased with age, suggesting cortical hyperexcitability in audition; (3) SPiN correlated positively 19 with FFR magnitudes obtained in quiet and with θ-PLV obtained in noise, suggesting that impacts 20 of age effects (smaller FFR magnitudes and greater θ-PLV) on SPiN perception differ at subcortical 21 and cortical levels. The current study thus provides evidence for different mechanisms at subcortical 22 and cortical levels by which age affects speech-evoked phase-locked activities and SPiN.
configuration. Cz was used to obtain FFRs (Skoe and Kraus, 2010) . Cortical responses were measured on C3 and C4 that reflects activity in the auditory cortex (Carpenter and Shahin, 2013 ; 
257
The waveforms were based on sweeps with normalized numbers (1450 ~ 1550) during the high 258 arousal state (see 2.4.3 and 2.4.4) . FFRENV_F0 (at F0 range between 160 and 110 Hz), FFRTFS_H2 (at 259 H2 range between 220 and 320 Hz) and FFRTFS_F2F3 (at F2-F3 range between 2000 and 4000 Hz) 260 are indicated by the boxes surrounded by dashes and their labels. '0' corresponds to the syllable 261 onset.
262
In addition, neural transmission from the cochlea to the auditory brainstem for FFRENV takes 263 between 5 and 10 ms (Chandrasekaran and Kraus, 2010; Skoe and Kraus, 2010) , while FFRTFS 264 occurs at earlier stages in the auditory periphery (Aiken and Picton, 2008) . Hence, the maximum 265 magnitude for time lags in the range 8 to 13 ms and 3 to 8 ms (at 1-ms steps; including an additional 266 3 ms of air transmission from the loudspeaker to the cochlea) were used as the final FFRENV_F0 and 267 FFRTFS (FFRTFS_H2 and FFRTFS_F2F3) magnitudes, respectively.
268
Besides FFR magnitudes, inter-trial phase-locking values (PLV) at the F0 (FFRPLV_F0) were also 269 calculated. This was because FFRPLV_F0 reflects pure phase-locking property that excludes the 270 influence of single-trial spectral magnitudes and has a better signal-to-noise ratio than using FFR where n denotes the total number of sweeps, ϕi denotes the Fourier phase value at the frequency of 276 the ENV-F0 trajectory for the ith sweep at that step, and j is √−1. As PLV is restricted to values 277 between 0 and 1, FFRPLV_F0 at each step was quantified by logit-transforming PLV to [-∞, +∞], Figure 7 . Scatter plots (young + older) for significant partial correlations after controlling for PTAs
